We performed a phase II study to test the efficacy and feasibility of induction therapy with vincristine, adriamycin and dexamethasone (VAD) and intermediate-dose melphalan, 70 mg/m 2 (IDM), to autologous or allogeneic stem cell transplantation in newly diagnosed multiple myeloma (MM). A total of 77 patients received two cycles of VAD (n = 62) and/or two cycles of i.v. IDM 70 mg/m 2 (n = 15) combined with G-CSF. PBSC were harvested after the first IDM, successfully in 87% of patients. Patients with a response to induction received myeloablative therapy with PBSCT (n = 50) followed by IFN maintenance or allo-BMT (n = 11). Seventy-two per cent of patients achieved a response after VAD which increased to 85% after IDM. Of patients who received PBSCT and allo-BMT, 24% and 45% achieved CR, respectively. Toxicity of induction consisted mainly of bone marrow suppression after IDM (median 8 days) with prolonged aplasia in 11% of patients after the second IDM. Only six infections WHO grade 3 occurred during induction. Treatment-related mortality of PBSCT and allo-BMT was 6% and 18%, respectively. Median time of follow-up is 44 months, and 50% of patients after PBSCT and 60% of patients after allo-BMT are still in remission. Survival rates of all patients were 82%, 75% and 63%, and for transplanted patients 86%, 79% and 68% after 12, 24 and 36 months. Well known prognostic factors, including ␣-IFN maintenance after PBSCT, were not significant for response or survival although patients in CR after allo-BMT had a strong tendency for better outcome. VAD/IDM is an effective and safe induction therapy for autologous and allogeneic stem cell transplantation. Based on these observations a phase III trial was started in October 1995 comparing IFN maintenance with PBSCT and allo-BMT after response to induction with VAD and IDM. Keywords: multiple myeloma; autologous; allogeneic stem cell transplantation Several groups have reported encouraging results of trials with high-dose therapy and autologous stem cell transplantation (ASCT) in patients with multiple myeloma (MM).
Several groups have reported encouraging results of trials with high-dose therapy and autologous stem cell transplantation (ASCT) in patients with multiple myeloma (MM). [1] [2] [3] [4] [5] [6] [7] [8] Especially when applied early in the course of the disease, ASCT procedures seem to achieve more complete remissions and longer event-free and overall survival rates than conventional chemotherapy. The results of many of these trials, however, may be biased by the selective inclusion of young(er) patients with relatively good performance and better tolerance to intensive therapy. This is illustrated by a retrospective study which showed that MM patients who were potential candidates for autologous stem cell transplantation (younger age, good performance and responsive to primary induction therapy), but were treated conventionally, had similar survivals to comparable patients who did receive early high-dose therapy. 9 Recently, a randomized phase III trial has been published which demonstrates that autologous bone marrow transplantation improves event-free and overall survival as compared with conventional, low-intensity treatment. 10 The results of several prospective phase III studies with sufficient follow-up have to be awaited to define whether, and for what group of MM patients intensified chemo(-radio) therapy is beneficial.
We present the results of a phase II trial involving 77 patients who received vincristine, adriamycin and dexamethasone (VAD) and intermediate-dose melphalan (70 mg/m 2 , IDM), 11 followed by high-dose chemo-radiotherapy and PBSCT or allo-BMT, who have been followed for a median duration of 44 months. Cyclo/TBI rather than regimens such as melphalan 200 mg/m 2 was chosen as the myelo-ablative regimen, as melphalan had been administered in induction. Based on the results of this trial, a phase III study has been initiated by the Dutch Hematology Society (HOVON) which compares VAD and IDM followed by IFN maintenance, vs VAD and IDM followed by PBSCT or allo-BMT. From June 1991 until July 1995, 77 previously untreated  MM patients with intermediate and large tumor masses  (stages 2 and 3 according to Salmon and Durie) 24 were included in the study. Patient characteristics are summarized in Table 1 .
Patients

Treatment
Induction therapy: Sixty-two patients received two courses of VAD (vincristine 0.4 mg i.v. and doxorubicin 9 mg/m 2 i.v., by continuous infusion every 24 h for 4 days combined with dexamethasone 40 mg orally, days 1-4, days 9-12, days [17] [18] [19] [20] with an interval of 28 days. 12 Irrespective of the response to VAD, patients received two courses of IDM (70 mg/m 2 ) with an interval of 6 weeks. The first IDM was administered between 6 and 8 weeks after the last VAD course in all patients. Recombinant human granulocyte colony-stimulating factor (G-CSF) at a dose of 5 g/kg/day s.c. was started on day ϩ4 after IDM and continued until recovery of neutrophils у1.0 ϫ 10 9 /1. Prophylaxis with ciprofloxacin and fluconazole or clarithromycine was started on day ϩ4 after IDM and roxythromycine was added when the neutrophil count fell below 0.5 ϫ 10 9 /1. In 15 patients, two courses of IDM was the primary treatment.
Peripheral stem cell harvest after IDM: Daily monitoring of circulating CD34
ϩ cells started when the WBC count reached 0.5 ϫ 10 9 /l, which was usually between 14 and 21 days after the first IDM. All collections were performed after the first IDM. Peripheral blood stem cell collection (PBSC) was started when the WBC count reached 1 ϫ 10 9 /l, the platelet count у40 ϫ 10 9 /l and у1% CD34 ϩ cells/kg were present in the peripheral blood. Ten liters of blood were processed using a continuous flow Cobe CS.3000 machine (Cobe, Lakewood, CO, USA) or a discontinuous Hemonetics V50 machine (Hemonetics, MA, USA). A minimum of 2.5 ϫ 10 6 CD34 ϩ cells/kg was required. The total number of CFU-GM was determined prior to cryopreservation and after thawing for recovery. 
Definition of remission:
Complete remission (CR) was defined as complete disappearance of myeloma proteins, as determined by immunofixation of serum and/or concentrated urine (10ϫ) and a normal bone marrow with less than 5% plasma cells in a representative biopsy. In addition monoclonal plasma cells had to be absent after immunophenotyping of cytocentrifuged bone marrow cells. Absence of monoclonality was defined as a normal kappa: lambda ratio within the malignant heavy chain.
Partial remission (PR) was defined as a minimal reduction by 50% of the myeloma proteins in serum and/or urine and improvement of clinical symptoms of myeloma such as anemia and/or bone pain.
Ongoing response at each treatment step was defined as an additional decrease of tumor load as measured by 50% decrease of the myeloma proteins or by the induction of CR.
Statistical analysis:
Curves for overall and progressionfree survival were plotted according to the method of Kaplan-Meier and were compared by the log-rank test. 13, 14 Prognostic factors for response, overall and event-free survival were determined by Cox regression analysis.
2 test or Fisher's exact test was used to determine the significance of differences in categorical variables.
Results
Response to induction
The response after VAD in 62 patients was 72% (PR 70%, CR 2%), which increased to 85% (PR 75%, CR 10%) after IDM. In 15 patients who received only IDM as induction, the response was 80% including one patient with CR. In the whole group of patients, the response was 85% (PR 75%, CR 10%) after induction therapy. Fifty percent of responding patients and 58% of non-responding patients after VAD showed an ongoing tumor reduction after the first IDM. Thirty-three percent of patients showed an ongoing tumor reduction from the first to the second IDM ( Figure 1 ). Five patients were in CR after IDM1 and additionally, three patients in PR after IDM1 achieved CR after IDM2.
Stem cell collection after IDM
In 54 of 60 patients eligible for stem cell collection, (performance status 0-2, absence of symptomatic progressive disease) sufficient peripheral blood cells were harvested (threshold у2.5 ϫ 10 /kg) were collected. Additional bone marrow harvest was successful in one patient, and was unsuccessful in another patient; two patients refused bone marrow collection. In 17 patients PBSC harvest was not performed due to unresponsive or progressive disease (n = 6) or a planned allo-BMT (n = 11).
Toxicity of induction
During VAD: There were five WHO infections grade 2 and 2 WHO infections grade 3 during VAD. Neurotoxicity grade 1-2 was observed in seven patients. There were no deaths during VAD treatment. One patient died shortly after the second VAD course due to progressive disease. Table 2 ). Prolonged myelosuppression defined as granulocytopenia (р0.5 ϫ 10 9 /l) and/or thrombocytopenia (р20 ϫ 10 9 /l) more than 21 days occurred in one patient (33 days) after the first IDM and in eight patients after the second IDM. Severe thrombocytopenia (р50 ϫ 10 9 ) occurred in two patients. Five patients were hospitalized due to infections WHO grade 3 after the first IDM, and two patients with WHO infections grade 3 after the second IDM course (4.7% of 149 IDM courses). There were no treatmentrelated deaths as a result of IDM treatment. In Table 2 , IDM toxicity and the number of transfusions during bone marrow hypoplasia are summarized.
Response to stem cell transplantation
Sixteen patients (22%) did not proceed to stem cell transplantation for the following reasons: stem cell harvest failure (n = 3); performance status WHO у3 (n = 1); progressive and/or unresponsive disease (n = 12). Forty-nine patients underwent PBSCT, one patient autologous BMT and 11 patients allo-BMT. PBSCT induced an ongoing tumor reduction in 28% of patients. Twelve patients (24%) were in CR after PBSCT, and in 10 patients the serum Mprotein became less than 1 g/l.
Treatment with allo-BMT induced an ongoing tumor reduction in 7/11 (63%) of patients. Five patients (45%) were in CR after allo-BMT. Four patients received systemic corticosteroids for acute GVHD grade II; four patients had acute GVHD grade I localized to the skin. Three patients had no acute GVHD. None of the patients suffered from chronic GVHD.
Hematologic recovery after PBSCT
Hematologic recovery after PBSCT could be adequately recorded in 40 patients. Granulocytes reached 0.5 ϫ 10 9 /l after a median of 14 days (9-28) and the platelets reached 30 ϫ 10 9 /l after a median of 15 days (9-31). Hemoglobin recovery was similarly rapid. 
IFN maintenance therapy
Patients with a WHO performance status 0-2 and a normal blood cell count 3 months after PBSCT were eligible for interferon-␣ (IFN) maintenance therapy, 3 ϫ 10 6 units subcutaneously, three times weekly. Fourteen patients refused IFN treatment and 18 patients (40%) stopped IFN after a median of 2 months 1-6 due to side-effects: 12 patients had a fatigue syndrome, four patients had bone marrow insufficiency, one patient had interstitial pneumonitis, one patient had ischemic retinitis. In the remaining 14 patients (30% of eligible patients) IFN was administered for a median of 30 months (4-42ϩ). Seven patients stopped IFN due to progression of MM. Median EFS after PBSCT in the patients that continued on ␣-IFN was 35 months, and median OS was 40 months, which is not statistically different from the responding patients who did not receive ␣-IFN maintenance.
Duration of survival and progression-free survival
The median time of follow-up was 44 months: The overall and event-free survival of all patients and of patients after PBSCT and allo-BMT is shown in Figures 2 and 3 . The median event-free survival for patients who received PBSCT was 40 months from start of therapy and 34 months after PBSCT. Twenty patients relapsed after PBSCT (13 from PR and seven from CR). The median EFS after allo-BMT has not been reached yet, but was not statistically different from PBSCT ( Figure 3 ). Four patients in PR after allo-BMT relapsed. Two of these patients received donor leukocyte infusions (DLI) in escalated doses. All patients in CR after allo-BMT are still in remission after a median of 41 months of follow-up. The median overall survival (OS) has not been reached (Figure 2 ). Overall 30 patients died, 14 after PBSCT, including two patients in remission due to interstitial pneumonitis. Two patients died after allo-BMT, one from interstitial pneumonitis and one from a rapidly progressive Epstein-Barr-virus-associated lymphoma. The survival rates of all patients were 81%, 75% and 65% after 12, 24 and 36 months, respectively. For patients who received PBSCT and allo-BMT the survival rates were 90% Months Event-free survival probability Figure 3 Event-free survival from the start of treatment. Only patients with a response to induction with VAD and IDM were eligible for PBSCT. Four responding patients were not autotransplanted due to stem cell harvest failure (n = 3) and WHO performance 3 (n = 1). Patients that received PBSCT matched with the allo-BMT patients for prognostic factors ␤2M, LDH, Salmon and Durie stage, performance status and response to VAD, median age of the PBSCT group was 54 (41-63) years and included only responding patients; median age of allo-BMT patients was 43 (35-51) years and included two refractory patients. and 82%, 82% and 82%, 71% and 82% at 12, 24 and 36 months, respectively. The survival curves are currently not statistically different between PBSCT and allo-BMT (Figure 2) . Thirty-nine patients were alive more than 3 years after start of treatment and 24 patients more than 3 years after stem cell transplantation. The median survival of patients who were not transplanted was 10 months (3-40ϩ) (Figure 2 ).
Prognostic factors
The prognostic parameters ␤2M, LDH, Salmon and Durie stage and performance status in the three treatment groups (no transplant, PBSCT, allo-BMT) were comparable. Median age of patients that received allo-BMT was 43 years (35-51). Median age of the PBSCT patients and of non-transplanted patients was 53 (41-63) and 54 (43-61) years, respectively.
The only factor that was associated with a reduced survival rate was disease refractory to induction therapy (P Ͻ 0.00001). As refractoriness to induction therapy was an exclusion criterion for further intensive treatment with PBSCT this factor cannot be evaluated for the outcome of autologous stem cell transplantation. Two of nine allo-BMT patients were refractory to induction treatment and responded to allo-BMT (1PR/1CR). The event-free survival for patients in CR after allo-BMT may be prolonged as none of the five patients in CR relapsed, as opposed to seven of 12 patients in CR after PBSCT (Figure 4) . None of the other prognostic factors tested was associated with response to induction, progression-free and overall survival (Table 3) . Also, achievement of response (PR, CR) after IDM1 or IDM2 and IFN maintenance (evaluable only in 14 patients) did not affect EFS and OS. 
Discussion
In a previous feasibility study, we reported the effectiveness and safety of intermediate-dose melphalan (IDM) 70 mg/m 2 , as induction therapy for autologous stem cell transplantation. The objective of this approach was to maintain the anti-myeloma activity of high-dose melphalan, 140 mg/m 2 (HDM) while reducing toxicity. In this study, two courses of IDM followed by G-CSF resulted in a high response rate (85% including 18% CR) and rapid tumor reduction in previously untreated MM, associated with minor toxicity. Moreover, PBSC collection in the repopulation phase after the first IDM for subsequent autotransplantation was successful in the majority of patients (85%). The potential advantage of this approach was that PBSC harvest was performed after substantial tumor reduction which might reduce myeloma cell contamination of the graft. The present study confirms and extends our previous data on repeated IDM alone or combined with VAD as an effective and well tolerated therapy for newly diagnosed MM. There were no treatment-related deaths and 85% of all patients responded. Seventy-eight percent of patients proceeded to myeloablative therapy followed by stem cell rescue after a median time interval of 6 months from start of treatment. These results compare favorably with response rates to stem cell transplantation with other induction schemes: response to VBAP/VMCP used by Attal et al 10 is usually between 60-75%, response to VAD and EDAP, used by Barlogie et al 15 prior to double transplantation, was 69%. Response to HDM used as induction for a second HDM, 16 was 71.5% including 25% CR. The median survival of patients undergoing transplantation was 41 months and the median duration of remission was 28 months. However, only 36% of this group of 97 patients (44 advanced MM and 53 newly diagnosed MM) proceeded to autologous transplantation due to the (stem cell) toxicity of the HDM including poor hematologic recovery, poor clinical status and fungal infections. This is in strong contrast to VAD/IDM which was administered almost completely in the out-patient clinic with acceptable toxicity and comparable efficacy. Additional tumor reduction was seen with each treatment step resulting in a CR rate of 24% in patients who received PBSCT and of 45% after allo-BMT. With a median follow-up of 44 months, 65% of all patients were alive at 3 years after the start of treatment. For patients who received PBSCT and allo-BMT, median EFS and OS have not been reached yet. Treatment-related mortality (TRM) of PBSCT was 4%. TRM after allo-BMT was 18% which is quite different from other studies reporting a TRM of 40% or more. 17, 18 The outcome of these studies, however, was probably strongly negatively influenced by the inclusion of a large proportion of heavily pretreated and refractory patients. We have now treated a larger group of patients (n = 43) with allo-BMT after VAD/IDM and the preliminary results seem to confirm that a short period of induction is a major prognostic factor for allo-BMT in MM (manuscript in preparation). In our study tumor reduction was most efficacious if VAD and IDM were repeatedly given. PBSCT induced a further reduction in only 28% of the patients. This suggests (and is the conclusion of the French group Myeloma-autografte Paris, Creteil and Caen) that the value of high-dose therapy early in the course of the disease in responsive patients may be limited. The French group found that high-dose therapy with PBSCT had a similar effect on overall survival of young patients with aggressive MM when performed either early as frontline therapy, or late as rescue treatment. 19 Achievement of CR is the ultimate goal for cure in MM. As patients in CR after PBSCT show a high relapse rate and there is no plateau in EFS and overall survival curves, it is unlikely that cure can be achieved by stem cell transplantation alone. It is also unclear whether achievement of CR after PBSCT is associated with longer survival. In our study, patients in CR or PR after PBSCT had similar overall and progressionfree survival rates. Although double transplants 15 are reported to result in high CR rates, EFS and overall survival rates may not be different from those seen in patients treated less intensively, as is illustrated by preliminary results of a French randomized phase III trial comparing single vs double transplants. 20 EFS and overall survival of allo-BMT patients were not significantly different from those seen in patients who underwent PBSCT, probably because of the small number of patients. Ongoing tumor reduction achieved by allo-BMT as compared to PBSCT, however, can be more effective and CRs after allo-BMT may be more durable: none of five patients in CR after allo-BMT relapsed, as compared to seven of 12 evaluable patients in CR after PBSCT. The beneficial graft-versus-myeloma (GVM) effect, recently proven by the induction of response after donor leukocyte infusions (DLI) in patients with relapse after allo-BMT 21, 22 may be responsible for better outcome and even for cure in a subset of patients undergoing allo-BMT. This is in agreement with our findings that allo-BMT, as determined with patient-specific Vh primers, induces more 'molecular' remissions than high-dose chemo-radiotherapy alone (manuscript in preparation).
In our study, none of the well known prognostic factors tested had any statistical significance for response or survival. Also, ␣-IFN maintenance therapy, evaluable in only 30% of eligible patients, had no influence on EFS and OS after PBSCT. The absence of prognostic significance in this study could be due to the small number of patients. However, it may be that these factors are more important for the outcome of patients who were treated conventionally. Recently it became clear that specific chromosomal abnormalities (any translocation, partial or complete deletions of chromosome 13 and 11q abnormalities) are very strong and independent prognostic factors in patients receiving intensified therapy. 23 In conclusion, VAD/IDM induction followed by stem cell transplantation is a feasible and effective approach for newly diagnosed MM patients. Outcomes of the phase III study started by the HOVON group and of other randomized phase III studies, however, have to be awaited to define more precisely whether intensive treatment improves the prognosis of MM. Since a much larger cohort of patients will undergo allo-BMT in our study and they can be compared to patients with the same characteristics undergoing PBSCT, the clinical significance of the graftversus-myeloma effect can also be established.
